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http://www.biomedcentral.com/1471-2377/12/156RESEARCH ARTICLE Open AccessCaregiver burden in amyotrophic lateral sclerosis
is more dependent on patients’ behavioral
changes than physical disability: a comparative
study
Patricia Lillo1,2,3, Eneida Mioshi1,2* and John R Hodges1,2Abstract
Background: Behavioral changes in patients with amyotrophic lateral sclerosis (ALS) mirror those found in
frontotemporal dementia (FTD). Considering the high rate of neuropsychiatric symptoms found in ALS patients, this
paper examines whether caregiver burden is associated with behavioral changes over and above the physical
disability of patients with ALS, and if the presence of caregivers’ depression, anxiety and stress also impacts on
caregiver burden.
Methods: 140 caregivers of patients with ALS participated in a postal survey investigating patients’ neuropsychiatric
symptoms (Cambridge Behaviour Inventory Revised CBI-R), motor function (Amyotrophic Lateral Sclerosis Functional
Rating Scale Revised - ALSFRS-R), caregiver burden (Zarit Burden Interview), and caregiver mood (Depression,
Anxiety and Stress Scale- DASS21). Seventy four percent of them were caregivers of patients with limb onset and
25.7% were caregivers of patients with bulbar onset.
Results: Moderate to severe behavioral changes were reported in 10-40% of patients with ALS. The levels of
depression, anxiety and stress in the caregivers reached 20%. Burden was high in 48% of the caregivers. The
strongest predictor of high caregiver burden was ALS patients’ abnormal behavior rather than physical disability,
with an odds ratio of 1.4, followed by caregivers’ stress.
Conclusions: Our study has identified that behavioral changes (e.g. disinhibition, impulsivity) and caregiver stress
have greater impact on caregiver burden than level and pattern of physical disability.
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Over the past decade there has been increasing aware-
ness of behavioral changes in patients with amyotrophic
lateral sclerosis (ALS), which mirror those found in fron-
totemporal dementia (FTD) [1,2]. Caregivers of patients
with FTD present with higher levels of burden than
those caring for Alzheimer’s disease (AD) patients [3,4].
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1Neuroscience Research Australia, Sydney, Australia
2School of Medical Sciences, University of New South Wales, Sydney,
Australia
Full list of author information is available at the end of the article
© 2012 Lillo et al.; licensee BioMed Central Ltd
Commons Attribution License (http://creativec
reproduction in any medium, provided the orhigh rate of behavioral changes in FTD, [5-7] although
this finding is not universal [8,9].
Caregiver burden is a complex construct involving the
caregiver’s feelings about the emotional/physical health,
social life and financial status that they suffer as a result
of caring for their relatives [10]. Caregiving was shown
to have an adverse effect on the physical and psycho-
logical health of caregivers [11]. Although advancing
ALS undoubtedly causes high levels of caregiver distress,
few studies have focused on the contributory factors
[12-14]. Caregiver burden, depression and anxiety ap-
pear inter-related, and associated with the ALS patients’
physical disability [15]. Also, neurobehavioral symptoms
have a negative impact on caregivers’ psychological. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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neuropsychiatric symptoms found in ALS patients
[2,17,18], it is clearly germane to examine whether care-
giver burden is associated with behavioral changes over
and above the physical disability of patients with ALS.
The aims of this study were: 1) to assess the impact of
ALS patients’ behavior and motor disability on caregiver
burden, 2) to assess the frequency of depression, anxiety
and stress of the caregivers and possible impact on care-
giver burden.
Methods
Caregivers of patients with ALS were contacted through
the Motor Neurone Disease Association Australia, who
kept their identities anonymous. Of 354 ALS patients
registered as members of the association in NSW, 114 of
their caregivers (32%) accepted an invitation to partici-
pate in a postal survey evaluating neuropsychiatric
symptoms and motor function in ALS patients and bur-
den of the caregiver. Additionally, 56 caregivers from
other Australian states accepted the invitation through
the local MND associations. Of the final one hundred
and seventy caregivers who agreed to participate, 30
(17.6%) of them did not continue the study due to
patients’ health issues or personal problems. Finally, data
from the caregivers of 140 ALS patients was collected
(60% from NSW and 40% from other Australian states);
104 (74.3%) of them were caregivers of patients with
limb onset, whereas 36 (25.7%) were caregivers of
patients with bulbar onset. Ethics approval was obtained
from the Human Research Ethics Committee of South
Eastern Sydney/Illawarra Area Health Service. Signed
consent was obtained from each participant.
Patient - motor function
A self- administered version of the Amyotrophic Lateral
Sclerosis Functional Rating Scale Revised (ALSFRS-R)
was completed by ALS patients and/or their caregivers.
It contains 4 sub scores: bulbar, fine, gross and respira-
tory function [19,20]. A total score of 48 denotes normal
function.
Patient - behavioral changes
Changes in ALS patients’ behaviour were measured with
the Cambridge Behavioural Inventory Revised (CBI-R), a
caregiver-based measure of neuropsychiatric symptoms
and daily activities, which correlates highly with the
Neuropsychiatric Inventory (NPI).
It contains 10 domains: memory, everyday skills, self
care, mood, beliefs, sleep, eating habits (e.g. preference
for sweet food, increased appetite), abnormal behavior
(e.g. disinhibition and impulsivity), stereotypic and/or
motor behaviours and lack of motivation (apathy) [21].
The behavioral changes assessed by the CBI-R areindependent of motor function and depression [2].
Scores were converted into percentage of impairment:
0-25% was classified as mild, 26-50% as moderate,
51-75% as severe, and > 75% as very severe [2,22].
Caregiver - depression, anxiety and stress scale
Caregivers completed the Depression, Anxiety, Stress
scale (DASS 21) [23]. The following cut offs were ap-
plied: depression > 9, anxiety > 7 and stress > 14. The de-
gree of severity for all sub-scales was classified as
follows: normal, mild, moderate, severe and extremely
severe.
Caregiver burden
The Zarit Burden Interview (ZBI) was used to measure
caregiver burden by evaluating disease impact on care-
givers’ quality of life, psychological suffering and impact
on social and family relationships. Caregivers completed
a self-administered short version of 12 items, which has
shown to have comparable psychometric properties to
the full version. The ZBI has a 0–4 point score with a
maximum score of 48. A score ≥17 indicates a high bur-
den [10,24,25].
Data analyses
SPSS Statistics 17.0 was used for analysis of results. To
examine clinical features reported by caregivers, inde-
pendent t-tests or Mann Whitney U tests were used
where appropriate.
Comparison of behavioral changes across motor onset
groups was analysed using Pearson’s X2 tests with Yates’
correction for continuity and Fisher’s exact test. A logis-
tic regression was used to analyse the impact of care-
giver’s mood, patients’ motor function, and behavioral
changes on caregiver burden.
Results
The caregiver group (n = 140) was predominantly com-
posed by females (69.3%). The mean age was 60.8 ±
12 years. The majority of caregivers were the patient’s
spouses (90%), followed by patient’s children (7%); other
relatives or friends were occasionally caregivers (3%).
ALS patients’ mean age was 63.5 ± 9 years, with a me-
dian of disease duration of 3 years (interquartile range
2–5). The mean ALSFRS-R total score was 30.4 (S.D.
9.7). Distribution of patients by motor onset showed a
predominance of limb (73.6%) over bulbar (26.4%) onset.
The age range and pattern of disease onset (limb vs. bul-
bar) mirrors closely that found in large cohorts [26-28].
Motor function
Comparison of ALSFRS-R total scores between patients
with limb and bulbar onset showed no significant differ-
ence (p > 0.1). As expected, patients with bulbar onset
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limb onset (limb Md = 9, bulbar Md = 4, U = 411,
Z = −6.7, p < 0.001, r = 0.6). Likewise, patients with limb
onset had lower scores in fine motor (limb Md = 6, bul-
bar Md = 9, U = 995.5, Z = −3.8, p < 0.001, r = 0.3)
and gross motor function (limb Md = 6, bulbar Md = 8,
U = 1171, Z = −2.9, p = 0.004, r = 0.2). No significant
difference was found for respiratory function across
groups (limb Md = 10, bulbar Md = 9, p > 0.1).
Behavioral changes
Figure 1 shows that abnormal behavior, stereotypical and
motor behaviors and changes in eating habits were
reported in more than 50% of the ALS patients, with
around 10–30% patients in the moderate-severe cat-
egory. The most prominent feature was lack of motiv-
ation (apathy), reported in more than 80% of the cases,
with 40% having moderate-severe apathy.
Comparison of CBI-R scores across patients with limb
and bulbar onset showed no significant association be-
tween motor onset and behavioral changes (p > 0.1).
Depression, anxiety and stress
As shown in Figure 2, 69% of the caregivers did not
reach the threshold for depression on the DASS. Moder-
ate to very severe depression was present in 23% of the
caregivers, and lesser degrees of depression were
reported by 9% of caregivers.
The percentage of caregivers with anxiety and stress
was lower. Overall, 16% had moderate to extremely se-
vere anxiety and 21% equivalent levels of stress. Com-
parison of the results between caregivers of patients with
limb and bulbar onset showed no significant association
between motor onset and presence of depression, anx-
iety and stress (p > 0.1).
Caregiver burden
The Zarit Burden Interview showed that high levels of bur-
den (score ≥ 17) were reported by 48% of the caregivers.Figure 1 Behavioral changes in ALS patients based on CBI-R caregiveThere was no significant difference when comparing
caregivers’ burden of patients with limb and bulbar
onset (p > 0.1).
Logistic regression was performed to assess the impact
of different factors on the likelihood of caregivers in pre-
senting with high burden. The patient related variables
considered were motor function (ALSFRS-R sub scores:
bulbar, fine motor, gross motor and respiratory function)
and behavioral changes (CBI-R domains: abnormal be-
havior, eating habits, stereotypical and abnormal behav-
ior and apathy). Caregivers’ variables considered were
depression, anxiety and stress (DASS 21 sub scales).
The full model containing all predictors was statisti-
cally significant, (X2 [11, N = 140] = 74.1 p < 0.001), and
explained between 45% (Cox and Snell R Square) and
60% (Nagelkerke R squared) of the variance in caregiver
burden scores. Of the caregivers predicted to have high
levels of burden, the model correctly classified 83.1%. As
shown in Table 1, only two independent variables made
statistically significant contributions to the model; ab-
normal behavior (from the patient) and stress (from the
caregiver). The strongest predictor of high burden was
abnormal behavior with an odds ratio of 1.4. This indi-
cated that caregivers of ALS patients with abnormal be-
havior were 1.4 times more likely to report high burden.
Discussion
Our study has identified that behavioral changes (e.g.
disinhibition, impulsivity) and caregivers’ level of stress
have greater impact on caregiver burden than any other
patient variables, including level and pattern of physical
disability.
Behavioral symptoms, as measured by the Frontal Sys-
tems Behavioral Scale (FrSBe), have previously been
reported to be associated to higher caregiver burden,
[16,18] although only one study has considered variables
related to caregivers [16]. We have confirmed this asso-
ciation using the Cambridge Behavioural Inventory -
Revised and, importantly, found that the strongestr reports. (S & M behaviors: stereotypic and motor behaviors)
Figure 2 Depression, anxiety and stress based on caregiver self report (DASS21).
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behavior. It should be noted that, as in other studies, ap-
athy was the most common behavioral change [2,18,29],
but this factor did not enter the model of caregiver bur-
den. Stereotypical behaviors were also reported at similar
levels to abnormal behavior, but again, this factor did
not explain caregiver burden. Specific changes in behav-
ior, notably disinhibition and impulsivity, are particularly
distressing for caregivers. We suspect that many clini-
cians involved in the management of ALS patients are
unaware of the high rate of these changes and their im-
pact on family relationships. Specific interventions tar-
geting carers and developing their coping skills have
been shown to be successful in FTD [30] and may have
a successful place in the management of ALS dyads.
A number of studies have shown that caregivers of
patients with ALS report high levels of burden, anxiety
and depression in association with the patient’s loss
of physical functions [14,15]. In our study, somewhatTable 1 Logistic regression: variables predicting likelihood of
Variable B S.E. Wa
Abnormal behavior (CBI-R) 0.37 0.13 8.3
Eating habits (CBI-R) 0.02 0.17 0.0
Stereotypic & motor behaviors (CBI-R) 0.10 0.11 0.7
Motivation (CBI-R) 0.04 0.06 0.3
Depression (DASS) 0.06 0.06 1.3
Anxiety (DASS) −0.08 0.04 3.8
Stress (DASS) 0.12 0.052 5.1
Bulbar (ALSFRS-R) −0.07 0.08 0.7
Fine motor (ALSFRS-R) −0.14 0.10 1.9
Gross motor (ALSFRS-R) 0.79 0.11 0.5
Respiratory (ALSFRS-R) −0.00 0.11 0.0
Constant −2.11 1.22 2.9
The caregiver burden was explained predominantly by the presence of abnormal bsurprisingly, burden was not associated with changes in
physical function, as measured by the ALSFRS-R. One
possible explanation for this lack of association may be
that behavioral changes which overshadow the lesser in-
fluence of physical disability in a log regression model.
Moderate or worse depressive symptoms were present in
23% of caregivers, with similar rates of stress. These
symptoms did not, however, enter the model explaining
caregiver burden. The reported rate of caregiver depres-
sion in caregivers of people with ALS has varied from 11
to 61% [31,32] which almost certainly reflects the use of
different instruments, the threshold used to determine
depression and the level of disability of patients in the
cohorts. It is interesting that caregiver depression had
lesser role in the genesis of caregiver burden than seen
in pure FTD, despite the overlap in behavioral symptoms
between bvFTD and ALS [12,13].
The levels of anxiety and stress (around 20%) in our
caregivers were lower than reported previously [33,34].high burden on caregivers of patients with ALS
ld df p O.R. 95% CI for O.R.
Lower Upper
6 1 0.004* 1.44 1.13 1.85
2 1 0.894 1.02 0.74 1.41
9 1 0.376 1.10 0.89 1.36
4 1 0.555 1.04 0.92 1.18
6 1 0.243 1.07 0.96 1.19
8 1 0.051 0.93 0.86 1.00
0 1 0.024* 1.12 1.02 1.25
6 1 0.384 0.93 0.79 1.1
7 1 0.167 0.87 0.71 1.06
0 1 0.478 1.08 0.87 1.35
0 1 0.975 0.10 0.80 1.24
9 1 0.84 0.121
ehavior (in patients) and stress (in caregivers). * = statistically significant.
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ent instruments. Caregivers’ state anxiety has been previ-
ously related to their trait anxiety more than external
factors [34]. Stress rather than depression and anxiety
was the main psychological caregiver variable contribut-
ing to caregiver burden. This is clearly relevant to man-
agement since can be addressed in MND clinics and are
potentially amenable to intervention.
A longitudinal study identified that, initially, caregiver
distress was best predicted by the psychosocial impact of
ALS symptoms and emotional lability. Later, caregiver
distress related to satisfaction with social relationships
and social support [13] rather than behavioral changes,
although these were limited to dysexecutive symptoms
rather than the FTD-like features explored by the CBI.
Future longitudinal studies should investigate the role of
specific behavioral changes, caregiver variables, and dis-
ease progression especially given the fact that caregiver
burden seems to increase over time. A limitation of this
study was the nature of the survey via the MND Associ-
ation, where carers who responded to the invitation to
the research study were likely to be those willing to re-
spond the questionnaires. Still, our results corroborated
those published previously, and the patients’ characteris-
tics mirrored those in large cohorts.
The fact that ALS patients presented similar behav-
ioural symptoms to patients with FTD has been rein-
forced by a recent genetic discovery. The presence of a
hexanucleotide repeats in the intron of C90RF72 in al-
most a quarter of cases with familial ALS and 12% of the
cases with familial FTD [35,36] support strongly the idea
of the continuum between ALS and FTD.
Conclusions
In summary, behavioral changes appear to lead to con-
siderable caregiver burden, highlighting the importance
to screen for neuropsychiatric symptoms in MND
Clinics. Importantly, these symptoms could be modified
by psychological or pharmaceutical therapies in an at-
tempt to reduce caregiver burden. Caregivers’ emotional
state also affects burden, with stress (but not depression
or anxiety) playing major roles. Professionals involved
with the care of ALS patients should be aware of these
specific caregivers’ needs, which once addressed, are also
likely to benefit the wellbeing of the patients.
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